Recently, the complexity of the proteolytic systems of lactic acid streptococci has received much attention (for reviews, see references 12 and 18) . Several studies on the same set of Streptococcus cremoris strains have resulted in their classification on the basis of three different characteristics of their proteolytic systems. The earliest attempt to classify the strains was based on their proteinase activities as measured on whole cells (4) . Three activities were distinguished: two acid proteolytic activities that differ in optimum temperature, PI and PIII (40 and 30°C, respectively), and a third activity at 30°C that was optimal at neutral pH (PII). On the basis of the presence of combinations of these activities, the S. cremoris strains were divided into five groups. The difficulty in assigning these activities to separate enzymes led Hugenholtz et al. (7) to raise antibodies against partially purified proteolytic systems of representatives of all five activity groups and to characterize the proteolytic systems immunologically. This work resulted in classification of the strains into four groups according to strain-specific precipitation peaks in crossed immunoelectrophoresis (CIE). However, inconsistencies between the results of the two approaches exist. A third classification used differences in the specificities of partially purified proteolytic systems to distinguish among S. cremoris strains (20) . Depending on the specific breakdown products produced from as1-, B-, and K-casein, the strains were classified into three groups: one each exemplified by S. cremoris HP (HP type) and S. cremoris AM1 (AM1 type) and a third group containing strains that exhibit both specificities.
In the same report, Visser et al. (20) mentioned that the PII activity reported earlier (4) could be ascribed to a difference in the stability of PI under the reaction conditions used to define PI and PIT. Furthermore, they showed that it was difficult to isolate all components of the proteolytic system from some strains in a reproducible way, an observation also made in the immunological analysis of the proteinases (7, 8) . In S. cremoris AC1, Geis et al. (6) observed a dual reaction in proteinase activity tests. Whole cells possessed a proteolytic activity optimal at acid pH and * Corresponding author.
at a temperature of 30°C (PIII), whereas the purified proteinase had an optimum temperature of 40°C (PI). A property further hampering the biochemical characterization of the proteinases is their inherent instability. Visser et al. (20) used only partially purified proteolytic systems because the more purified enzyme preparations "lost their activity rather quickly." Hugenholtz et al. (8) showed that care has to be taken to ascribe a single band on a sodium dodecyl sulfate (SDS)-polyacrylamide gel to a single proteinase because both proteinases A and B of the S. cremoris Wg2 proteolytic system differed only slightly in size and could not be separated by conventional column chromatographic methods. Part of the observed instability of proteolytic activity and the variable properties of the isolates may be ascribed to autoproteolysis. Geis et al. (6) added 20 mM CaCl2 to the purified enzyme of S. cremoris AC1 to prevent self-digestion. Several proteolytically active components with molecular weights as low as 60,000 could be isolated from S. cremoris Wg2 (J. Erkelens, personal communication). The same was observed during purification of the proteolytic activity from S. cremoris HP (4a).
These complications in the purification of proteolytic systems and the characterization of their biochemical properties prompted us to investigate the proteinase complexity in lactic streptococci in a different way. In a previous paper we reported on the cloning of a DNA fragment that specifies proteins A and B of the S. cremoris Wg2 proteolytic system (10) . In subsequent work we showed that two incomplete open reading frames (ORFs) were present on the DNA fragment, one of which specified a serine proteinase (8a). Here we present data on the specificity of the proteinase cloned in the heterologous host S. lactis and on in vitro deletion experiments meant to establish the relationship between proteins A and B of the proteolytic system of S. cremoris Wg2.
MATERIALS AND METHODS
Bacterial strains, plasmids, and media. Bacillus subtilis, S. cremoris, and S. lactis were grown and maintained as previously described (10) . Derivatives of plasmid pGKV500 were constructed in B. subtilis PSL1 (16 Lett ., in press).
In vitro deletions of the proteinase gene. Figure 1 shows the construction, in B. subtilis, of a number of deletion derivatives of pGKV500 (10 In vitro transcription and translation. The Amersham procaryotic DNA-directed cell-free coupled transcriptiontranslation system derived from E. ccli was used throughout (Amersham International, Buckinghamshire, England).
CsCI2-purified covalently closed circular DNA (0.5 to 1.0 [Lg) was used in the reaction. One-third of the reaction mixture was analyzed on a 10% SDS-polyacrylamide gel (11) . After electrophoresis, the gels were processed for fluorography as described by Skinner and Griswold (17) .
Proteinase isolation and specificity test. To isolate proteinases, S. cremoris and S. lactis cells were passaged for at least two transfers in 10% reconstituted skim milk supplemented with 0.5% glucose and, for strains carrying pGKV 500 derivatives, 5 jig of erythromycin per ml. This preculture was diluted 30-fold in unautoclaved supplemented 10% reconstituted skim milk (freshly prepared in sterile distilled water, buffered with 75 mM ,B-glycerophosphate, and centrifuged at 120 x g for 5 min).
The cultures were grown for 3 to 4 h at 30°C and placed on ice for 5 min. Subsequently, the cells were spun out at 12,000 x g (1 min), washed with 50 mM Tris hydrochloride (pH 7.5)-25 mM CaCl2 (4°C), and suspended in 1/1,000 the original volume of 100 mM sodium phosphate buffer (pH 7.0). The supernatants of cells subjected to two successive 30-min incubation periods at 30'C were pooled and used for the specificity test. The pooled fractions were mixed 1:1 with either whole casein (20 mg/ml), or pure P-casein ( (10) is shown (bold line). The gene products of ORF1 (1) and ORF2 (2) carried by the various deletion derivatives are drawn as thin lines. Ser-620 of the active site of the proteinase specified by ORF2 (8a) is indicated (0 P-mercaptoethanol, 0.07% bromophenol blue), the samples were analyzed on 15% SDS-polyacrylamide gels as described by Laemmli and Faure (11) . The gels were stained with Coomassie brilliant blue. The molecular weight standard (LKB Instruments, Inc.) ranged from 12,300 to 78,000.
CIE. Overnight cultures of B. subtilis carrying pGKV500 or one of its derivatives were diluted 100-fold in tryptone yeast broth and grown to mid-log phase (optical density at 660 nm, about 0.6). Cells were removed by centrifugation, and ammonium sulfate precipitation was performed on the supernatant of the culture (ammonium sulfate was added to 60% saturation). The precipitate of 250 ml of culture was collected by centrifugation (30 min, 50,000 x g, 40C) and dissolved in 200 ,u1 of 25 mM Tris hydrochloride (pH 7.0)-25 mM NaCl. After dialysis against several changes of distilled water, the samples were stored at -200C until used for CIE. CIE was done as described previously (7, 10) , with 10 to 15 ,u1 of the proteinase preparation and 50 to 75 ,u1 of antibodies (28 mg/ml) specific for the purified proteolytic system of S. cremoris Wg2. Antibodies were kindly provided by J. Hugenholtz.
proteinase(s) released from S. cremoris Wg2 cells. Both extracts specifically degraded ,-casein from the mixture of a-, 3-, and K-casein (Fig. 2) . pGKV502, lacking the terminal 343 codons of the proteinase gene (Fig. 1) , was introduced into S. lactis (Prt-) and still enabled the cells to grow rapidly in milk. The leakage fraction obtained from these cells also specifically degraded ,B-casein (data not shown). The hydrolysis of pure ,B-casein was investigated by using the leakage fractions from S. lactis(pGKV502) and S. cremoris Wg2. Both extracts degraded ,-casein into three major fragments (Fig. 3) . This breakdown was very rapid and occurred within minutes. This result indicated that the specificity of the proteinase, lacking 130 amino acids (in pGKV500), or 343 amino acids (in pGKV502) at its C terminus, was not altered.
In vitro transcription and translation. All of the derivatives of pGKV500 depicted in Fig. 1 were analyzed in an E. coli-derived cell-free transcription-translation system. pGK V500 is pGKV2 containing a 6.5-kilobase HindIII insert (10) . From a comparison of lanes 2 and 7 in Fig. 4 , it is clear that the HindlIl fragment specified a number of bands. A highmolecular-weight band of approximately 180,000 can be seen in the pGKV500 sample, as well as a multitude of smaller protein bands. A marked band at about 30,000 is the protein specified by ORF1 (295 codons; 8a), because in the sample derived from pGKV507, lacking ORF1 (Fig. 1) , this band is missing (Fig. 4, lane 5) . All bands disappeared when the 345-base-pair ClaI fragment was removed from pGKV500 (data not shown), indicating that this fragment promoted the expression of both genes on the HindIII fragment. A frame shift introduced in codon 9 of the proteinase gene resulted in the loss of all bands above 30,000 (Fig. 4 , compare lanes 5 [pGKV507] and 6 [pGKV511]). Evidently, the putative transcription and translation signals as defined earlier are functional in vitro, and the translation start is most probably at the ATG just upstream of the 3' ClaI site (8a). The effect of deletions made at the 3' end of the proteinase gene on the banding pattern is shown in Fig. 4 , lanes 2 to 4. Whereas pGKV500 (lane 2) gave a band at approximately 180,000, pGKV502 and pGKV512 gave the highest-molecular-weight bands at approximately 170,000 and 100,000, respectively. This is in agreement with what was expected from the length of the proteinase gene remaining in the various deletion derivatives (8a). The cell wall-bound S. cremoris proteinases are inhibited by phenylmethylsulfonyl fluoride (PMSF) (4a, 6, 7) and by Ca2" ions at concentrations of 10 mM and greater (6) . At least six bands in the sample derived from pGKV500 seem to be self-digestion products of the high-RESULTS Specificity of cloned S. cremoris Wg2 proteinase. pGKV500 (Fig. 1) carries a 6 .5-kilobase HindIII fragment from the proteinase plasmid of S. cremoris Wg2 (10) . DNA sequence analysis revealed two incomplete ORFs on the DNA fragment (8a). The largest of the two ORFs specifies a serine proteinase but lacks the last 130 codons at the 3' end. Complementation analysis showed that the proteinase gene was still able to confer a Prt+ phenotype on the host (10). The partially purified proteinase of S. cremoris Wg2 specifically breaks down r-casein (20) . To investigate whether the introduction of the proteinase gene in the heterologous host S. lactis or the absence of the C-terminal 130 amino acids affected the specificity of the proteinase, its action on different caseins was examined. The proteolytic activity was released from milk-grown whole cells of S. lactis(pGKV500) by incubation in Ca2'-free buffer (15) . The molecular-weight proteinase initially formed. This is indicated by the fact that their appearance was inhibited by the addition of 10 mM CaCl2 or PMSF (at 0.5 or 5 mM) to the reaction mixture (Fig. 5) . Moreover, a concomitant increase in intensity of the 180-kDa band was observed. The internal control, the 30-kDa band specified by ORF1 of pGKV500, showed that the transcription-translation system was not affected by these additions. Since the same bands were also present in the pGKV512 sample, it can be concluded that the 100-kDa C-terminally truncated protein specified by pGKV512 still exhibited proteinase activity (Fig. 4, lane 4) .
CIE. Proteins present in the supernatant of logarithmically grown B. subtilis cells carrying the various pGKV500 derivatives were isolated as described in Materials and Methods and subjected to CIE. pGKV500 specified proteins A and B from the S. cremoris Wg2 proteolytic system (7, 10; Fig.  6A ). From the supernatant of B. subtilis(pGKV507) two proteins could also be isolated that reacted with the antibodies to give two peaks in CIE (Fig. 6C) . Tandem B. subtilis(pGKV500) and B. subtilis(pGKV507) isolates showed that the four proteins were immunologically identical, two by two (Fig. 6E ), indicating that both proteins A and B are also specified by pGKV507. Because pGKV507 lacks the small ORF1 present on pGKV500 (Fig. 1) , this indicated that proteins A and B both resulted from expression of ORF2, the serine proteinase gene of S. cremoris Wg2. This was confirmed by the fact that no precipitation peaks were observed in CIE with extracellular proteins of B. subtilis carrying pGKV513 ( Fig. 1; data not shown) . In CIE on extracellular proteins of B. subtilis carrying pGKV511 (Fig.  1) , no protein-antibody precipitation lines could be detected (data not shown). These results show that either protein A or B is a product of the other. Whereas B. subtilis(pGKV502) still produced proteins A and B (Fig. 6B) , in CIE only one precipitation line was obtained from the strain carrying pGKV512 (Fig. 5D) . Since the pGKV512 peak fused with protein B of the pGKV500 sample in tandem CIE (Fig. 5F ), the epitopes for protein A are either completely removed by the deletion in pGKV512 or masked in the truncated protein specified by this plasmid.
DISCUSSION
From the results presented here, it is clear that the serine proteinase gene originating from S. cremoris Wg2 and cloned in S. lactis specifies a functional proteinase. The data obtained from the cell-free transcription-translation system show that both ORFs identified on the HindIII fragment in pGKV500 are preceded by functional signals to promote their expression. Apparently, the small ClaI fragment located between both ORFs contains these signals. Introduction of a 2-base-pair frame shift close to the start of the proteinase gene resulted in the disappearance of all of the bands specified by this gene. This result indicates that these bands are not the result of translational reinitiation but are products of autolysis of the original 180-kDa proteinase, are caused by premature interruption of transcription-translation, or both. Moreover, the results obtained with the frameshift mutation show that the putative ribosome-binding site and translation start were, most probably, correctly Tandem CIE of extracellular proteins of B. subtilis(pGKV500) and (pGKV507) (E), and B. subtilis(pGKV500) and (pGKV512) (F). In both panels E and F, the pGKV500 extract was applied in the lower sample hole. In gel A, the peaks corresponding to proteins A and B are indicated. 242 KOK ET AL.
identified (8a) . Nk L only did the proteinase gene restore proteolytic activity in the proteinase-deficient S. lactis strain to which it was transferred (10) In this model, we envisage that a large cell wall-bound proteinase is released from the cell wall by a self-digestion step (activated by incubation of the cells in a Ca2+-free or low-Ca2+ buffer). As pointed out earlier, it may well be that the mature cell wall-bound proteinase is actually about 180 kDa as the result of an activation step that removes a putative N-terminal prepro sequence from the initial 200-kDa proteinase. The hydrolysis postulated to detach the mature proteinase from the cell wall may take place at a putative self-digestion site present in the C terminus of the proteinase, resulting in formation of a 140-kDa truncated proteinase (8a) . In analogy to the situation in the cloned S. cremoris SK11 proteinase, the C terminus of the S. cremoris Wg2 proteinase may be involved in cell wall binding (2) . The released proteinase exposes antigenic determinants for conformation A. As the result of further self-digestion, removing an amino acid sequence stabilizing conformation A, the proteinase may change to conformation B, exposing a different set of epitopes. Because the molecular weight difference between proteins A and B is very small (8) , this amino acid sequence has to be of limited size, at most, some tenths of residues. Alternatively, the lack of Ca2+ ions, which are known to stabilize several proteinases (3, 5, 14) , may cause destabilization and, consequently, a transition of the proteinase from one conformation to the other. Both possibilities are depicted in Fig. 7 
